The influence of vertical magnetic fields on the photo-induced thermal convection of a benzene solution was studied qualitatively by using a photo-imaging reaction of DPA-CBr 4 . By applying the magnetic field of -1200 T 2 m -1 , the thermal convection of the photo-induced colored solution is enhanced, whereas it is suppressed by applying the field of +1000 T 2 m -1 . The effect is explainable when the magnetic susceptibility of the colored solution is smaller than that of the bulk solution. The behavior of the colored solution is dependent on both the solute concentration and irradiation time. These dependencies are interpreted in terms of the photon energy absorbed by the photo-irradiated solution.
Introduction
A magnetic field is a useful tool to control various chemical and physical processes [1, 2] . For example, we have succeeded to control rates of organic photochemical reactions [3] and 3-dimensional morphology of inorganic membrane tubes [4, 5] , to align organic and inorganic crystals [6, 7] and carbon nanotubes [8] , and to improve crystallographic quality of protein crystals [9] by using high magnetic field. In the case of protein crystallization, the vertical magnetic fields were applied to reduce the concentration-induced convection of the protein solution by compensating for the gravitational force with the magnetic force.
Another type of convection is the thermal convection which is equally an important process affecting reaction rate, yield and others. The effects of high magnetic fields on the thermal convection of liquid solution were reported [10] [11] [12] . Mogi et al. [11] , for example, studied temperature distribution of water in magnetic fields by using a thermochromic liquid crystal sheet. In a previous paper [12] , we reported the influence of magnetic fields on the transient behavior of thermal convection of a benzene solution. In that experiment, organic photochromic reaction was used for local heating the solution and visualization of convection. However, detailed mechanism of convection is still an open question.
In this paper, we have studied photochemical reaction of diphenylamine (DPA) and carbon tetrabromide (CBr 4 ) in benzene, in order to clarify experimental factors affecting magnetic control of thermal convection.
The photoreaction of DPA and CBr 4 is well known as a photo-imaging reaction [13] [14] [15] . In this reaction, a colorless solution turns to green immediately after UV-irradiation due to the formation of a photoproduct having a visible absorption band at about 670 nm. A part of absorbed photon energy is used to heat the photochemically-generated colored solution. Therefore, this reaction is suitable for in situ observation of thermal convection in magnetic fields.
Experimental
Diphenylamine (Wako, special grade; DPA), carbon tetrabromide (Wako, special grade; CBr 4 ), and benzene (Nakarai Tesque, UV-spectrograde) were used as received. Benzene solution of DPA and CBr 4 was deaerated by passing through argon gas for 10 min before UV-irradiation.
In situ observation of photo-induced thermal convection was carried out using a vertical superconducting magnet (JASTEC, JMTD-LH15T40). Its room-temperature (RT) bore tube was 40 mm in diameter. Magnetic field intensity distribution in the tube was given in Fig. 1(a) . The maximum magnetic field (B max ) and the product ((B∂B/∂z) max ) of the maximum field and its gradient were 15 T and 1500 T 2 m -1 , respectively. Experimental setup for in situ observation was shown in Fig. 1(b) . A 10 mm × 10 mm × 40 mm quartz cell containing a benzene solution of DPA -CBr 4 was placed in a bore tube of a superconducting magnet. The solution was irradiated from its bottom through a 6-mm hole by a UV-light from a super-high pressure xenon lamp (Ushio, UXL-500-O) with a UV band-path filter (Sigma Koki, UTVAF-34U; 280-380 nm) and a 5-cm water filter. The experiments were carried out at room temperature. Magnetic fields were varied by placing the cells at the different positions in the bore tube. The movement of the colored solution after photo-irradiation was observed by a combination of a CCD camera and a video recorder and was analyzed by a software (Library, Move-tr32). A photoproduct which has an absorption band maximum at ca. 670 nm was reported to be diphenylamine cation radical or diphenylamino radical [14, 15] . However, this assignment does not seem to be confirmed, as the photochemical reaction of DPA and CBr 4 is highly complex. Therefore, hereafter we simply call it as a photoproduct. upwards from the bottom surface faster than that at zero field. Therefore, the behavior of the solution in magnetic fields is characterized by using the retention time, i.e., the time of the solution staying on the bottom surface, and the lift speed, i.e., the speed of the front of the solution moving upwards in the bulk solution which is calculated from the slope of the curve shown in Fig. 3 . Table 1 Influence of Irradiation Time: The influence of irradiation time was also examined for the 0.025 M solution. Table 2 shows the influence of irradiation time on the behavior. Some interesting features of the influence will be derived from the table, though its experimental conditions, i.e., light intensity and magnetic flux density, are slightly different from those shown in Table 1 Tables 1 and 2 are due to the facts that the UV-light intensity and magnetic flux density are slightly different in two experiments.
Results

Influence of Solute
Discussion
Upon UV-irradiation, the photon energy absorbed by the benzene solution of DPA-CBr 4 is used partly The influence of the solute concentration shown in Table 1 Influence of irradiation time shown in Table 2 In a previous paper [12] , we examined the photo-induced thermal convection of benzene solution of a photochromic compound, 1,2-dicyano-1,2-bis(2,4,5-trimethyl-3-thienyl)ethane. The retention time of the photo-generated photoisomer solution is 5 s at zero field. It increases to 9 s by application of -1300 T 2 m -1 , whereas it decreases to 3 s by application of +1000 T 2 m -1 . These observations are opposite to the above-mentioned results. This fact also indicates that small change in the magnetic susceptibility of solutes seems to contribute remarkably the behavior of the thermal convection of benzene solution in magnetic fields.
Evans et al. [16] studied the effects of magnetic field on the traveling wave formed during the reaction of (ethylenenediaminetetraacetato)cobalt(II) and hydrogen peroxide by magnetic resonance imaging at 7 T.
The wave propagation is affected by a magnetic field gradient of ∓0.2 T m -1 . The magnetic force due to the difference of magnetic susceptibility at the wave front results in the acceleration or deceleration of the wave velocities. The phenomena observed in this study are similar to those mentioned above.
Conclusion
The influence of vertical magnetic fields on the photo-induced thermal convection of a benzene In this study, the influence of magnetic forces on the photo-induced thermal convection of benzene solution is discussed qualitatively. Semi-quantitative analysis of the convection of the above solution using a monochromatic UV-light is now in progress. 
